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7 FHOO QRQ+RGJNLQ O\PSKRPD LV D UDUH O\PSKRSUROLIHUDWLYH GLVHDVH ZLWK FRQWLQXRXVO\
DJJUDYDWLQJUHRFFXUUHQFHRIZKLFK0)DQG66DUHGHULYDWLYHGLVHDVHV/RFDOL]HGLUUDGLDWLRQ
FDQFXUH PLQLPDO VWDJH0)ZKLOH76(%PD\ FXUH HDUO\VWDJHGLVHDVH RURIIHU LPSRUWDQW
V\PSWRPUHOLHILWFKHU\WKURGHUPDLQDPRUHDGYDQFHGVHWWLQJ>@$OWKRXJKUDGLDWLRQWKHUDS\
VHHPV WR SURGXFH JRRG FOLQLFDO UHVSRQVH LW LV QRW ZLGHO\ XVHG PDLQO\ GXH WR WHFKQLFDO
GLIILFXOWLHVLQWKHSURGXFWLRQRIODUJHILHOGV 
76(%LVDFXUDWLYHO\RUSDOOLDWLYHO\DGPLQLVWHUHGWKHUDS\IRUVNLQGLVHDVHVVXFKDV.60)66
DQG LQIODPPDWRU\ EUHDVW FDQFHU >@ 'HSHQGLQJ RQ WKH YDULDQW RI WKH 76(% WUHDWPHQW
WHFKQLTXHWKHSDWLHQWLVHLWKHUSRVLWLRQHGDWVHYHUDOSUHGHILQHGVWDQGLQJSRVLWLRQV6WDQIRUG
7HFKQLTXH >@ SUHVHQWHG LQ )LJXUH  ZKHUH WKH SDWLHQW WDNHV SRVLWLRQV DW DQJOHV RI 




YHUWLFDOO\DQGKRUL]RQWDOO\ZLWKLQ WKHFHQWUDOFPîFPILHOGDUHD DFFRUGLQJ WR
$$305HSRUW1R>@1RZDGD\V76(%WHFKQLTXHVKDYHEHFRPHLQFUHDVLQJO\RSWLPL]HG
SURYLGLQJDFFHSWDEOHGRVHGLVWULEXWLRQVZKLOHWKHGRVHDWFROGVSRWVLVHQKDQFHGE\ERRVWILHOGV
>@76(% VHVVLRQV GHOLYHU WKH SUHVFULEHG GRVH RI  *\ WR WKH SDWLHQW¶V VNLQ ZLWKRXW
GDPDJLQJRUJDQVDWULVN>@(OHFWURQVZLWKHQHUJLHVRI0H9KDYHEHHQSURYHQWRSURYLGH
WKHDSSURSULDWH WKHUDSHXWLF UDQJHZKLOH WKHPDLQ WR[LFLWLHVDUHGU\HSLGHUPLWLVZLWK OLPLWHG
IUHTXHQF\ RI VNLQ XOFHUDWLRQV >@ 7KH 76(% WHFKQLTXH LPSOHPHQWDWLRQ DW WKH 5DGLDWLRQ
7KHUDS\ 8QLW RI 8QLYHUVLW\ *HQHUDO +RVSLWDO ³$WWLNRQ´ KDV EHHQ GHVFULEHG H[WHQVLYHO\ E\







































QRPLQDO  0H9 HOHFWURQ EHDPV DQG ILHOG VL]H ZLGHQLQJ WKURXJK VFDWWHULQJ DQG SDWLHQW
SRVLWLRQLQJ 
(OHFWURQ EHDP PHDVXUHPHQWV ZHUH SHUIRUPHG XVLQJ 5RRV DQG 0DUNXV SODQH SDUDOOHO
LRQL]DWLRQ FKDPEHUV DQG D 37: 8QLGRV 8QLYHUVDO 'RVLPHWHU 37: )UHLEXUJ *PE+








LQFRQMXQFWLRQZLWKDOO WKH LRQL]DWLRQFKDPEHUV)RU WKH/RZHU+%,H FDVHDFXVWRPPDGH
XQLYHUVDO VKLHOGLQJ PP 3E WKLFN )LJXUH  ZDV DWWDFKHG WR WKH WUHDWPHQW FKDPEHU DQG D
VHFRQGRQHZDVGHVLJQHGIRUWKH8SSHU+%,HFDVH$Q\DGGLWLRQDOVKLHOGLQJIRUVHQVLWLYHDUHDV






E(QKDQFHV WKH DYRLGDQFHRI H[WUHPHO\KLJKSHDNV LQ VXUIDFHRISDWLHQW¶V VNLQGRVH GRVH
KRWVSRWVVHHDOVRLQPHWKRGVDQGUHVXOWVVHFWLRQVF+HOSVLQWKHLGHQWLILFDWLRQRIWKHWZR
FDOLEUDWLRQSRLQWVRQSDWLHQW¶VOHJVH[SODLQHGLQPHWKRGVDQGG&RQWULEXWHVWRWKHDYRLGDQFH



































1. 7KH HQHUJ\ DW WKH WUHDWPHQW SODQH RI D VLQJOH EHDP LQFLGHQW ZLWK LWV FHQWUDO D[LV
RUWKRJRQDOWRWKHWUHDWPHQWSODQH*DQWU\DQJOHDWGHJUHHVDW66'RIFPZDV
FDOFXODWHGIURPWKHFKDUDFWHULVWLFVRIWKHSHUFHQWDJHGHSWKGRVH3''FXUYHVXFKDV








)RU ILYH GLIIHUHQW EHDP DQJOHV IRU 8SSHU DQG /RZHU +%,H )LJXUH  WKH HOHFWULF
FKDUJHXVLQJDQLRQL]DWLRQFKDPEHUZDVPHDVXUHGDWHYHQO\GLVWULEXWHGSRLQWVDWWKH
WUHDWPHQW SODQH )RU HDFK SRLQW WKH PHDVXUHPHQW ZDV UHSHDWHG WKUHH WLPHV XVLQJ D










3'' FXUYH 7KH UHVXOWV RI WKH LQGLYLGXDO 3'' FXUYHV ZHUH WKHQ FRPSDUHG WR WKH
PHDVXUHPHQWV DFTXLUHG IRU WKH VHOHFWHG IURP VWHS  JDQWU\ DQJOHV IRU 8SSHU DQG
/RZHU+%,HDWDGHSWKRIPPLQ300$IRUWKHVDPHLQFLGHQFHDQJOHV 
4. 6LQFHIRUWKHFDVHRIWKH8SSHU+%,HWKH&$;ZDVRQWKHSDWLHQW¶VFKHVWRUDEGRPHQ
GHSHQGLQJ RQ WKH SDWLHQW¶V GLPHQVLRQV WKH FDOLEUDWLRQ SRLQW ZDV GHILQHG DW WKH
LQWHUVHFWLRQRIWKH&$;ZLWKWKHSDWLHQW¶VVNLQ)RU/RZHU+%,HDGLIIHUHQWDSSURDFK
IRU WKH GRVH FDOLEUDWLRQ KDG WR EH DGRSWHG LQ RUGHU WR RYHUFRPH WKH ODFN RI WLVVXH






















DQG5S JFPWKHPRVWSUREDEOHHQHUJ\RI(SR 0H9ZDVGHGXFHG 
)RUWKH8SSHUDQGWKH7KRUDFLF+%,HWUHDWPHQWWKHKRPRJHQHLW\UHVXOWVIRUWKHYHUWLFDODQG










7KH EHDP &$; LQWHUVHFWV WKH SKDQWRP DW WKH SRLQW [  \  ZKLOH [  \  LV WKH

















HQWU\GRVHSHU08SHUILHOGD?ൌ ?ሺ ?ሻሻZDVH[WUDFWHG  D?ൌ ?ሺ ?ሻ ൌ  ?Ǥ ? ? ? ?D?D?D?D?D?D?D?D?D? (TXDWLRQ 
7KLVPHDQVWKDWLIRQHLUUDGLDWHVZLWK08SHUHDFKILHOGWKHHQWU\GRVHRQWKHSDWLHQW¶VVNLQ
ZLOOEHF*\7KHGRVHSHU08ERWKDWWKHVXUIDFHDQGDWDWUHDWPHQWGHSWKRI] FP


















,QLWLDO08FDOFXODWLRQZDVSHUIRUPHG IRUJDQWU\ DQJOHGHJUHHV IRU WKH WRWDO WKHUDS\ 
ILHOGV*LYHQWKDWWKHGRVHSUHVFULSWLRQUHIHUVWRWKHVXUIDFHRIWKHVNLQ08VSHUILHOGZHUH
JLYHQE\WKHIROORZLQJUHODWLRQ 
 D?D? ? ? ?ൌ D?D?D?D?ൌ ?ሺ ?D?ሻሺ D?D?D?D?D?D?D?ሻ (TXDWLRQ 
:KHUH'IUHSUHVHQWVWKHSUHVFULEHGGRVHSHUIUDFWLRQZKLOHD?D?ൌ ?ሺ ?D?ሻLVJLYHQE\HTXDWLRQ)RUJDQWU\DQJOHRIGHJUHHVVXUIDFHGRVHLQFUHDVHVE\&$;DW[ \ VR
WKH PRQLWRU XQLWV VKRXOG EH GHFUHDVHG E\ D FRUUHFWLRQ IDFWRU RI  D?D?D?D?D?D?D?D?D?D?D?ሻ 'XH WRFDOLEUDWLRQSRLQWVSRVLWLRQV\ [ DQG[ WKHUHZDVDGHFUHDVHLQVXUIDFHGRVHRI
DOPRVW  LQ DYHUDJH VR WKH VHFRQG FRUUHFWLRQ ZDV WR LQFUHDVH WKH 08ILHOG E\ 
D?D?D?D?D?D?D?D?D?D?D?Ǥሻ6RILQDOO\ 










GHFUHDVH08E\DFRUUHFWLRQIDFWRURID?D㜇?D?D?D?D?D?D?D?D?ሻ LQRUGHU WREDODQFH WKHVXUIDFHGRVHLQFUHDVHGXHWRJDQWU\DQJOHRIGHJUHHV 




7KH DYHUDJH GLIIHUHQFH LQ WKH PHDVXUHG GRVH IRU WKH  7/' FDOLEUDWLRQ PHWKRGV RQH LQ
UHIHUHQFHFRQGLWLRQVDW66' FPDQGRQHIRU WKHH[WHQGHG66' FPRI+%,H ZDV







































,Q WKH SDVW IHZ \HDUV WKH GHYHORSPHQW RI QRYHO UDGLDWLRQ WHFKQLTXHV VXFK DV YROXPHWULF
PRGXODWHGDUF WKHUDS\KDYH OHG WR WKH LPSOHPHQWDWLRQRIQHZPHWKRGVIRU WUHDWLQJSDWLHQWV
ZLWKVNLQGLVHDVH7KHUHLVDOLPLWHGQXPEHURIVWXGLHVSXEOLVKHGLQWKHOLWHUDWXUHWKDWWHVWWKH
HIIHFWLYHQHVVRIVXFKPRGHUQWUHDWPHQWWHFKQLTXHVDQGPRUHRYHUWKH\DUHXVXDOO\DSSOLHGWR






















,QERWK8SSHU DQG /RZHU+%,HVHH DOVR)LJXUH IRU WKHRI WDUJHW DUHDGLPHQVLRQV
SDWLHQWPD[LPXPGLPHQVLRQVHQGWRHQG[FPDKRUL]RQWDODQGYHUWLFDO&9RI




















DOPRVW LGHQWLFDO ZLWK WKH SUHVFULEHG GRVH IRU ERWK WHFKQLTXHV 8SSHU DQG /RZHU +%,H ±












RU WKUHH IUDFWLRQV DQG WKHQ SHULRGLFDOO\ LQ +%,H IRU WKH RUJDQV DW ULVN SURWHFWHG E\ WKH
XQLYHUVDOVKLHOGLQJDQGFXVWRPVKLHOGLQJLQRUGHUWRGRVLPHWULFDOO\FRQILUPWKHHIIHFWLYHQHVV
RISURWHFWLRQLQWHUPVRIGRVHGLVWULEXWLRQ$GGLWLRQDOFXVWRPVKLHOGLQJPXVWEHLPSOHPHQWHG













7KH +%,H WHFKQLTXHV SUHVHQWHG LQ WKLV ZRUN KDYH PDQDJHG WR VXFFHVVIXOO\ GHSRVLW WKH
SUHVFULEHGGRVHLQWKHSRUWLRQRIWKHVNLQZKLFKQHHGHGWUHDWPHQWZKLOVWUHGXFLQJWKHGRVHWR
WKHXQDIIHFWHGVNLQDUHDVVLJQLILFDQWO\0RUHRYHUGXHWRWKHUHODWLYHO\ORZFRVWRIWKHPDWHULDOV



































 6LQJK 1% /DNLHU 5+ 'RQGH %³+\SRIUDFWLRQDWHG UDGLDWLRQ WKHUDS\ LQ WKH WUHDWPHQW RI























DQG WKH UROHRI UDGLRWKHUDS\3ULQFLSOHV DQG LQGLFDWLRQV´5HS3UDFW2QFRO5DGLRWKHU 
SS 
 
 *: -RQHV ' 5RVHQWKDO /':LOVRQ ³7RWDO VNLQ HOHFWURQ UDGLDWLRQ IRU SDWLHQWV ZLWK
















 3ODWRQL . 'LDPDQWRSRXORV 6 3DQD\LRWDNLV * .RXORXOLDV9 3DQWHODNRV 3 .HOHNLV 1





RI WRWDO VNLQ HOHFWURQEHDP 76(% WKHUDS\ D UHYLHZRI WKH UHOHYDQW OLWHUDWXUH´3K\V0HG
SS 
 












 )XUODQ & 7URYR 0 'ULJR $ &DSUD ( 7URYR 0* ³+DOI%RG\ ,UUDGLDWLRQ :LWK
7RPRWKHUDS\ IRU 3DLQ 3DOOLDWLRQ LQ 0HWDVWDWLF %UHDVW &DQFHU´  - 3DLQ 6\PSWRP 0DQDJH
SS 
 
 0D 6 5LFKDUGVRQ -$ %LWPDQVRXU$ 6ROEHUJ7' 3LGLNLWL 5 6RQJ . 6WRMDGLQRYLF 6


















PHWDVWDWLF FDUFLQRPD RI WKH SURVWDWH UHSRUW RI D \HDU H[SHULHQFH´&OLQ 2QFRO 5 &ROO
5DGLRO2FWSS 
 




























































































































































































WKDW WKH YHUWLFDO EHDP WDUJHWLQJ ODVHU SHUIHFWO\ GLYLGHV WKH GLVF LQ KDOI 6LQFH DOLJQHG WKH
FLUFXODUVXUIDFHFPLQGLDPHWHUGHVLJQDWHVWKHFHQWUDOKLJKGRVHDUHDRI)LJXUHDQGWKH

























































       




























       
       
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